The agouti locus is one The murine agouti protein is composed of 131 amino acids, with a consensus signal peptide, a highly basic central region, and a cysteine-rich carboxyl terminus (4, 5) (Fig. 1A) . The agouti gene has three coding exons that are alternatively spliced to different 5' untranslated exons, resulting in four types of mature 0.7-to 0.8-kb transcripts with identical coding regions. Two different isoforms are transiently expressed during hair growth in dorsal and ventral skin; the two hair-cycle-specific exons reside 18 kb upstream of the first coding exon. The remaining two isoforms are expressed specifically in ventral skin; the two ventrum-specific exons reside 120 kb upstream of the first coding exon (4, 5, 12, 13 (2, 6, 25) . Founder mice usually exhibited yellow stripes or patches on an otherwise nonagouti or agouti coat (unless albino zygotes were used), indicating that they were mosaics carrying a functional transgene. Most transgenic progeny displayed uniformly pigmented fur, although the overall amount of phaeomelanin in coat hairs varied between lines (2, 25) . In a subset of lines, germ-line transmission produced progeny with mottled or variegated coats, indicating that transgene expression could be influenced by cis-acting o-conotoxin
Comparison of the mouse and human agouti proteins with toxins from the cone snail Conus geographus and primitive hunting spider Plectreurys tristis. (A) The amino acid sequences of the agouti protein in both mouse and human are shown (4-7). The highly basic region of exons 2,3, and 4 of the agouti protein is separated from the signal sequence (first 22 amino acids) and 5' end of exon 2 (A Top) and the cysteine-rich region of exon 4 (A Bottom). Above the agouti sequence is the amino acid sequence of the o-conotoxin GVIA produced by C geographus. Arrows indicate proteolytic cleavage sites within the GVIA prepropeptide; the first 22 amino acids constitute a signal sequence, the second 23 amino acids compose an intervening region, and the final 27 amino acids constitute the mature toxin (8) . The asterisk denotes the carboxylterminal glycine that is converted to an amide residue by a posttranslational processing event.
Below the human agouti protein is the amino acid sequence of plectoxin VIII (Plt-VIII) produced by P. iristis (9) Amino acid identity between adjacent proteins is indicated by straight lines, and conservative amino acid changes are indicated by two dots. Dashes indicate absences of amino acids used to maximize the alignments. (B) The disulfide bond structure of the c-conotoxins and co-agatoxins is shown by square brackets connecting cysteine residues (reviewed in ref. 10) . Dashes indicate the presence of any amino acid residue except cysteine. Because the disulfide structure of the plectoxins is not known, the structure of the w-agatoxins, which have similar albeit not identical cysteine backbone structures, is shown. The c-agatoxins are produced by the funnel-web spider (Agelenopsis), and like the o-conotoxins and plectoxins, target presynaptic voltageactivated Ca2+ channels. Only specific disulfide bridges result in biologically active peptides (11) .
sequences at the integration site and/or unlinked modifier genes but was not a reflection of transgene copy number.
Offspring from different lines were tested for weight gain (25) as well as circulating levels of plasma insulin and glucose (2) . Transgenic mice became obese and hyperinsulinemic, but only transgenic males became hyperglycemic. The data also indicated that as the levels of ectopic agouti expression increased, the time of onset of obesity, hyperinsulinemia, and hyperglycemia decreased (2) .
These and spiders (arachnids), the c-conotoxins and the plectoxins, respectively (Fig. 1A) .
The co-conotoxins are a family of venoms made by the cone-snail species Conus (reviewed in refs. 10, 26, and 27). These marine snails survive by hunting fish, molluscs, and/or polychaete worms. Their sting delivers a venom composed of numerous small peptides (9-30 amino acids long) that paralyzes prey within a few seconds. Individual peptides have specific physiological targets and distinct pharmacological effects. Each toxin targets neurotransmitter receptors [such as acetylcholine or N-methyl-D-aspartate (NMDA) receptors] or ion channels (such as voltage-sensitive Ca2+ or Na2+) and can discriminate between neuromuscular and neuronal specific targets, binding with high affinity to specific receptor subtypes. The o-conotoxins target primarily N-type presynaptic neuronal Ca2+ channels. Although mammals are not the usual prey, intracranial injection of the co-conotoxin GVIA elicits shaking symptoms in mice, with increasing dosages causing respiratory distress and death (10) .
The primitive hunting spider Plectreurys tristis produces a potent toxin to paralyze its arthropod prey. P. tristis venom contains at least 50 peptide toxins called plectoxins, several of which have been sequenced and exhibit significant homology to each other (9) . These peptides are paralytic and/or lethal to several insect species (9) . Components of P. tristis toxin are associated with a number of biological activities, including disruption of voltagedependent Ca2+ channels in Drosophila (28, 29) and mammals (30) . In addition, P. tristis venom can inhibit binding of the c-conotoxin (GVIA) to the c-CgTX (C. geographus toxin) receptors in rat brain synaptic plasma membrane vesicles by a noncompetitive allosteric mechanism (31) .
The c-conotoxins and plectoxins are made from prepropeptides ( Fig. 1; D. J. Leisy, personal communication). The amino terminus of the precursor is highly conserved among each class of toxins, as are the number and spacing of cysteine residues in the carboxyl terminus (which is cleaved to produce the mature toxin). The conserved cysteines are crucial to formation of disulfide bonds that establish the core of the peptide; amino acids between the cysteines form loops that presumably face the outer surface of the peptide (Fig.  1B) . Amino acids present in the loops thus dictate the high level of target specificity exhibited by each toxin. The spacing and number of cysteine residues found in c-conotoxins and plectoxins are most similar to those found at the carboxyl terminus of the agouti protein. These similarities suggest that the cysteine-rich carboxyl-terminal end of the agouti protein forms a functional three-dimensional structure similar to the multiply disulfidebonded co-conotoxins and plectoxins. orders of magnitude lower than those found outside the cell. Many reviews concerning Ca2+ signal transduction pathways have been published (32, (36) (37) (38) (39) . Therefore, the observation that the agouti protein can influence [Ca2+] , levels provides the first link to internal cellular processes that, when altered, can result in disease phenotypes.
The questions arise as to which tissues are responsive to the agouti protein (other than the hair follicle) and whether these effects are mediated through changes in (40) . If 41 ). However, the initial trigger for the hyperinsulinemic/insulin-resistant state must occur in another tissue (such as adipocytes or pancreatic 3-cells) and could still be the direct result of overproduction of the agouti protein (7) . If the agouti protein can affect adipose cells resulting in hypertrophy, obesity may be the primary factor that leads to insulin resistance and non-insulindependent diabetes (7) .
It has been suggested that the agouti protein may work through related melanocortin receptors expressed in tissues other than the hair follicle (3, 6, 16) . Thus, agouti may represent a new class of molecules that have target specificity for the melanocortin receptor family and act specifically as antagonists to these receptors. The conservation of the cysteine backbone structure of the agouti protein with distantly related toxins, coupled with the fact that related toxins target other members of the melanotropin family (acetylcholine and NMDA receptors), are suggestive of this hypothesis. However, we favor the possibility that the primary function of the agouti protein is to directly target specific subtypes of Ca2+ channels. (6, 7) and shown to influence coat color in transgenic mice (6) . The open reading frames of the mouse and human agouti genes are 85% identical at the nucleotide level and 80% identical at the amino acid level (Fig. 1A) . Expression of the human agouti gene was detected in adipose tissue, heart, ovary, and testis and to a lesser extent in foreskin, kidney, and liver (6, 7) . The 
